A new accession of Artemisia dracunculus L., originating from Kyrgyzstan, has been analyzed for the first time regarding organ-specific accumulation of lipophilic compounds. Differences were found between leaves, stems, and inflorescences. Exudates obtained from aerial parts yielded only flavanones (eriodictyol, naringenin and their methyl ethers), while the coumarins herniarin and scoparone and biosynthetically unrelated isocoumarins (artemidin, dracumerin) were found to be tissue components. The chemosystematic significance of observed accumulation tendencies is shortly discussed, and other chemodiversity aspects are briefly addressed.
Artemisia dracunculus L. (tarragon, esdragon, dragon sagewort) is part of the subgenus Dracunculus, one of the best defined infrageneric groups within the taxonomically difficult genus. The morphologically well defined species around A. dracunculus also form a well supported clade in molecular systematic analysis [1] . A. dracunculus is one of the most polymorphic species, being distributed in Eurasia and North America in steppe, subalpine and subarctic regions. Due to being selected by cultivation, different varieties and strains exist that are characterized by different chemical compositions and also by different ploidy levels, ranging from diploid to decaploid [2] .
Biological properties and general information on the phytochemistry of A. dracunculus (French tarragon), which is used as a spice plant, are summarized by Deans and Simpson [3] . Leaf extracts were found to contain 7-methoxycoumarin and the biosynthetically unrelated isocoumarin, 7-hydroxyartemidin [4] . Further isocoumarins with varying substitution patterns were found in underground and aerial parts of different collections of A. dracunculus cultivated under the same conditions in the Botanical Garden, University of Vienna [5] . The species has been known for a long time for its production of isocoumarins [2, 6] . Alkamides have also been reported to occur in aerial parts [7a] , but their occurrence has been verified so far for only one accession. Earlier studies indicated the presence of the coumarins scopoletin, herniarin and scoparone in leaf powder extracts [7b]. Shoots of another accession were earlier found to produce the flavanone naringenin 7,4'-diOMe, along with the coumarin scoparone and the isocoumarin capillarin [7c]. Aerial parts of a Mongolian collection yielded acetylenic compounds, phenylpropane derivatives, monoterpenes, and the flavonoids naringenin and eriodictyol, along with the coumarin herniarin and lignans [8a] . A series of exudate flavonoids have been reported from the closely related species A. glauca Pall.
[8b]. The flavonoid aglycone pinocembrin, which may be assumed to be part of the exudate, was recently reported from extracts of A. dracunculus [8c] , and the flavanone naringenin was reported earlier from another accession [9a] . Dihydroflavonols were isolated from aerial parts of North American A. dracunculus [9b] . In both cases, plants were not checked for formation of exudates. The lipophilic compounds found in this analysis belong to different classes of compounds: isocoumarins derive from the polyacetylenic pathway, whereas coumarins and flavonoids originate from the shikimate pathway, the latter from combination with polyketides [11] . For formulae see Figure 1 . Isocoumarins such as dracumerin (6) and artemidin (7) were found in leaves, stems and inflorescences (Figures 2a,b ). They are primarily known as root constituents in this group [2, 12] .
Organ-specific analysis further indicated qualitative differences in polyacetylene composition of fine roots, strong roots, young and old rhizomes [11] . The coumarin herniarin (2) was present in leaves and inflorescences whereas the coumarin scoparone (1) was only detected in inflorescences. The flavanones naringenin-7-Me (5), eriodictyol-7-Me (3) and eriodictyol-7,3'-diMe (4) were shown to be exudate constituents. Naturally, they are also found when extracts from leaves and inflorescences are prepared, but they could not be detected when stems were extracted (Figures 2a,b ).
Chemosystematic significance:
The occurrence of isocoumarins is limited within the genus Artemisia. Within A. dracunculus, infraspecific variation of polyacetylenic root constituents proved to be quite high. In an earlier study, the presence of the [12] . The isocoumarin pathway is further expressed in some taxa of subgenus Abrotanum, grouped in the Heterophyllae [12] . To date, their possible relationships, as indicated by root chemistry, are still unresolved. While isocoumarin derivatives have now been found in tissues from all organs, they were clearly absent in exudates of the aerial parts examined in this study for the first time in this respect. Plant exudates normally contain terpenoids, often combined with flavonoid aglycones [13] . Polyacetylenic derivatives such as isocoumarins are transported in secretory channels, but they are not exuded onto the epidermal surfaces of aerial parts.
A comparative study on the coumarin distribution in leaf extracts of Artemisia indicated the presence of herniarin and scoparone in some collections of A. dracunculus [14] , which is in line with the present results. Contrary to other reports, showing the presence of coumarins in exudates [8b], herniarin was not detected as an exudate constituent in the present analysis. Flavanones were present as exudate constituents, and it has to be doubted that they also occur in tissues. Flavanones are not so frequently observed in Artemisia exudates, and their formation may constitute a good character if further species are analyzed [13, 15] . The closely related species, A. glauca Pall. yielded a series of exudate flavonoids, including naringenin 7-Me, naringenin 4'-Me, eriodictyol 3'-Me, eriodictyol 7,3'-diMe, and a series of coumarins [8b]. Thus, its exudate profile is much more complex than that of this accession of A. dracunculus. More variation within this species, also with respect to exudate profiles, has to be expected, since A. dracunculus is known for its chemical variability.
Phytochemical diversifications observed in different plant organs strongly indicate the necessity to analyze them separately. This is underlined by earlier studies on the differentiation within leaf tissue and its correlation to production of terpenoid compounds in leaves of A. dracunculus [16] . It was suggested that part of the production of essential oil terpenoids is due to excretion via glandular hairs, but some of them are also stored in secretory cavities inside the leaf, being released upon physical injury of the leaf tissue only. Thus, the morphological structures behind the production of secondary metabolites are an essential background to chemodiversity, besides focusing on structural diversity, biosynthesis, and ontogenetic differentiation of chemical profiles. In any case, plants that have a strong odour or show the presence of glandular trichomes should always be checked also for production of external compounds for the sake of not losing important information.
Experimental
Individuals of cultivated Artemisia dracunculus L. (cypselas collected from natural habitat in Kyrgyzstan, coll. H. Greger, voucher specimen deposited at the herbarium of the Faculty Centre of Botany, University of Vienna, Austria, WU) were analyzed at the flowering stage, with aerial parts of the plants being separated into leaves, stems, and inflorescences. In addition, exudates were obtained by briefly rinsing leaves and stems with acetone. Finely cut air dried material was extracted twice for one week with a four-to five-fold amount of light petroleum (LP):acetone (2:1) at room temperature in darkness. The concentrated crude extracts were initially separated by column chromatography (Merck silica gel 60, 0.2-0.5 mm particle size), using solvent mixtures of increasing polarity (LP-acetone-MeOH). Fractions were checked for composition by TLC (Merck silica gel 60, 0.2 mm) with solvent mixtures of LP/acetone, and by HPLC (Hewlett Packard 1090 Series II LC with UV diode array, 220-450 nm), using Hypersil BDS RP C18 as stationary phase and MeOH in aqueous buffer (0.015 M phosphoric acid, 0.0015 M tetrabutylammonium hydroxide, pH 3) as mobile phase (flow rate 1 mL/min). Fractions were analyzed by comparative TLC, and compounds were monitored before and after spraying with anisaldehyde/ H 2 SO 4. Individual compounds were obtained after separation on MPLC (Merck LiChroprep TM Silica gel 60, 25-40 µm, solvent EtOAc/LP in increasing polarity) and by prep. TLC. Individual isocoumarin compounds were identified by HPLC-UV by direct comparison with reference compounds previously isolated, identified and stored in the databank of our research group [2, 5] . Coumarins were obtained as marker compounds either from E. Wollenweber's laboratory (TU-Darmstadt, Germany), or they were already stored in the databank of our research group. For analysis of exudate flavonoids, the analytical procedures were used as described earlier [15b]. Separation and identification was achieved by HPLC-UV and by comparative TLC against authentic markers provided by Prof. Wollenweber.
